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Introduction 


This. report  on  Hypervelocity  Impact  Phenomena  conslsta  of 
two  aectlons  describing  methods  and  analyses  of  behind  target 
effects  in  three  metals  and"  the  development  and  performance  of 
two  new  explosive  projector  systems  that  are  to  be  applied  to 
subsequent  investigations  of  hyperveloclty  Impact. 


Shock  Wave  Studies  in  Three  Metals 


In  a  recent  paper  sunmarlzing  hyperveloclty  impact  work  car¬ 
ried  out  at  this  Center^^,  it  was  concluded  that  a  measure  of  the 
peak  shock  wave  pressure  incident  on  the  back  surface  of  impacted 
targets  would  permit  a  quantitative  interpretation  of  many  behind 
target  effects .  As  a  logical  extension  of  the  earlier  work, .  sev¬ 
eral  phases  of  an  experimental  program  aimed  at  a  quantitative 
■description  of  behind  target  effects  in  terms  of  the  shock  pres¬ 
sure  generated  by  high  velocity  Impacts  have  been  undertaken. 
These  studies  have  also  Involved  shock  waves  generated  by  deto¬ 
nating  explosives. 


Experimental  Techniques 

While  many  techniques  have  been  used  to  determine  the  pres¬ 
sures  associated  with  shock  waves  In  solids,  one  of  the  simplest 

is  the  plate-pellet  method  which  is  an  application  of  the  Hopklnson 

2/ 

principle  that  has  been  extensively  described  elsewhere-'.  Briefly, 

V  Watson,  R.  W.,  K.  R.  Broker,  and  F.  C.  Gibson.  Thin  Plate  I^r- 
f oration  Studies  with  ^ojectlles  in  the  Velocity  Rauige  from  2 
to  5  km/sec.  Sixth  Symposium  on  Hyperveloclty  Imi^t,  Cleveland, 
Ohio,  April  3Q  -  May  2,  1M3. 

2/  See  for  example  Rinehart,  j.  S.  apd  J,  Pearson.  Behavloif  of 

~  Metals  Under  Impulsive  Loads,  published  by  the  American  Society 
for  Metals,  1954.  .  ,  , 
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a  pellet  of  like  naterlal  Is  attached  to  the  free  surface  of 
the  material  that  Is  to  undergo  shock  loading.  The  pellet  serves 
to  absorb  a  certain  portion  of  the  momentum  associated  with  the 
Incident  wave;  the  amount  of  momentiim  attained  by  the  pellet  de» 
pends  on  the  thickness  of  the  pellet  relative  to  the  length  of 
the  pressiu-e  pulse.  In  principle,  It  Is  possible  to  map  out  the  . 

(r 

entire  pressure  pulse  profile  by  varying  the  pellet  thickness  over 
a  suitable  range.  In  the  experiments  described  here  the  pellet  Is 
purposely  kept  thin  and  Its  average  velocity  Is  taken  as  represent¬ 
ative  of  the  Initial  free  surface  velocity  of  the  shock-loaded 
siieclmen.  While  there  are  objections  that  could  be  raised  concern¬ 
ing  the  validity  of  tl'ds  assumption,  a  comparison  between  the  re¬ 
sults  of  free  surface  velocities  obtained  by  pin  technique  and  free 
surface  velocity  estimates  obtained  by  the  pellet  method  shows  that 
the  latter  method  gives  results  that  are  precise  enough  for  present 
requirements.  The  experimental  arrangements  used  to  obtain  the  two 
data  sets  are  illustrated  in  figures  1  and  2. 

In  figure  1,  the  shock  wave  Is  generated  by  a  detonating  tetryl 
charge  having  a  diameter  of  1.0  In  and  a  length  of  1.0  in;  the  ini¬ 
tial  density  of  the  tetryl  was  1.57  gm/cm^.  A  distance-time  record 
of  the  Initial  motion  of  the  free  surface  of  the  metal  attenuator 
was  provided  by  recording  the  pulses  generated  by  the  progressive 
’  shorting  of  four  pins  when  contacted  by  the  grounded  attenuator 

plate.  The  pins  were  pointed  2-56  brass  machine  screws  and  were 
«  held  In  position  by  means  of  a  Luclte  block.  The  plAs  were  equally 

spaced  on  a  circle  of  1/2-ln  diameter  and  were  positioned  0.001, 
0.011,  0.021,  and  0.031  Inch  from  the  free  surface  of  the  metal  at¬ 
tenuator,  Close  spacing  was  chosen  to  eliminate  the  effects  of  sub¬ 
sequent  acceleration  of  the  plate  due  to  Multiple < shock  reflections. 

"  Figure  1  also  shows  two  channels  of  .,  a  mqlti-chanuel  puller  „  , 
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forming  network  that  produces  pulses  having  a  duration  of  about 
0.1  ^sec  and  an  amplitude  of  approximately  10  volts  when  the 
negative  side  of  the  100  pf  capacitor  Is  shorted  to  groxmd. 

Figure  2  Illustrates  the  experimental  arrangement  used  to 
determine  the  time  of  flight  of  a  pellet  over  a  fixed  distance. 

In  this  case,  a  high-speed  oscilloscope  Is  triggered  when  the 
Ionized  detonation  products  electrically  short  a  twisted  pair  of 
#28  enameled  copper  wires  placed  on  the  periphery  of  the  charge. 

The  time-of-arrival  of  the  pellet  Is  observed  when  the  pellet 
shorts  a  similar  switch  placed  a  fixed  distance  from  the  free 
surface  of  the  metal  attenuator.  This  second  switch  is  connected 
to  an  R-C  circuit  that  produces  a  pulse  that  Is  fed  Into  the  y-axls 
amplifier  of  an  oscilloscope.  The  average  pellet  velocity  Is  then 
calculated  with  corrections  made  for  the  time  required  for  the 
detonation  wave  to  pass  from  the  initiation  switch  to  the  attenu¬ 
ator  plate  and  for  the  shock  wave  to  traverse  the  plate.  An  Ini¬ 
tiation  delay,  correction  of  approximately  0.2  ^sec,  is  also  made. 

Figure  3  is  a  typical  oscillogram  showing  a  series  of  four 
'pulses  obtained  In  a  trial  using  a  l/8-in  thick  brass  attenuator 
plate;  a  pellet  velocity  record  obtained  with  a  similar  attenuator 
plate  is  also  presented. 

Distance-time  measurements  obtained  by  means  of  the  pin  tech¬ 
nique  are  presented  In  table  1  for  1/4-in  thick  2024-T3  aluminum 
attenuators  and  1/8-ln  thick  brass  attenuator  plates;  five  trials 
were  carried  out  in  each  case.  As  indicated  in  figure  4,  the  slope 
of  straight  lines  fitted  through  the  average  of  five  trials  gave 
velocities  of  1.68  mm/^sec  for  the  aluminum  attenuator  and  1,02 
mm/psec  for  the  brass  attenuator. 

Six  pellet  velocity  measurements  were  made  with  the  1/4-ln 
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alvunlnum  attenuator.  The  Individual  values  Were  1.66,  1.62,  1,66, 
1.58,  1.56,  and  1.59  nun/^sec,  representing  an  average  velocity  of 
1.61  mm/nsec.  Five  trials  carried  out  with  the  l/S-in  brass  at¬ 
tenuators  gave  values  of  1.01,  1.06,  1.05,  1.06,  and  1.02  mm/psec 
with  an  average  of  1.04  mm/^sec. 

As  can  be  seen,  the  results  of  the  two  experimental  techniques 
compare  favorably.  In  both  cases,  the  pellet  technique  gave  re¬ 
sults  that  were  lower  than  those  obtained  by  the  pin  technique;  for 
the  case  of  the  1/4-in  aluminum  attenuator,  the  discrepancy  amounted 
to  about  4  percent  while,  for  the  brass  attenuator,  the  difference 
was  roughly  2  percent.  These  differences  probably  can  be  attributed 
to  air-drag  effects  which  could  be  considered  if  more  precise  re¬ 
sults  were  required. 

Experimental  Results  with  Aluminum,  Magnesium,  and  Steel 

In  view  of  the  accuracy  and  simplicity  of  the  pellet  technique, 
it  was  used  in  an  investigation  of  shock  wave  attenuation  and  char¬ 
acteristic  target  damage  using  explosive-generated  shock  waves . 

Three  target  materials  used  v/ere:  aluminxim,  designated  Al-2024-^3; 
magnesium,  designated  AZ-31B-H24;  and  a  steel  alloy,  designated 
N-4130,  S-18729.  These  materials  were  supplied  by  the  Firestone 
Tire  and  Rubber  Co.,  Defense  Research  Division,  Akron,  Ohio.  In 
these  experiments,  pellet  velocity  was  measured  as  a  function  of 
plate  thickness  using  an  explosive  load  consisting  of  a  1-in  di¬ 
ameter  X  1-in  long  tetryl  charge  having  an  initial  density  of  1.57 

3 

gm/cm  .  The  tetryl  charge  was  initiated  with  Prlmacord.  Target 
thickness  was  varied  for  each  of  the  three  materials  to  cover  tar¬ 
get  damage  effects  ranging  from  perforation  through  back  surface 
spalling  to  slight  bulging. 


The  results  of  this  series  of  experiments  are  presented  in 


tables  2,  3,  and  4  In  terms  of  wafer  velocity  as  a  function  of 
target  thickness.  The  target  damage  observed  In  each  case  Is 
also  given.  Independent  tests  carried  out  with  similar  target 
arrangements  with  omission  of  the  wafer  produced  Identical  damage 
effects.  Calculated  values  of  the  Incident  shock  pressure  asso¬ 
ciated  with  the  free-surface  velocity  estimates  obtained  from  the 
pellet  velocities  are  also  given  In  tables  2,  3,  and  4.  The  Hu- 

gonlot  data  for  aluminum  and  magnesium  were  taken  from  Rice,  Me- 
3/ 

Queen,  and  Walsh-  .  For  the  case  of  the  steel  targets,  the  pres¬ 
sures  associated  with  the  free-surface  velocity  estimates  were 

calculated  for  a  linearized  equation  of  state  of  the  form  U  = 

4/  ® 

4.632  +  1.385  u^  .  This  Is  admittedly  somewhat  arbitrary.  How¬ 
ever,  Inasmuch  as  the  multiple  shock  structure  In  Iron  casts  con¬ 
siderable  doubt  on  the  validity  of  free  surface  velocity-pellet 
equivalence  assumption,  this  choice  Is  as  reasonable  as  any  other. 
From  these  data,  approximate  critical  thickness  for  spallation 
under  these  conditions  can  be  estimated  for  the  three  materials. 
The  critical  spallation  thickness  Is  defined  as  that  target  thick¬ 
ness  which  will  barely  spall  subsequent  to  the  reflection  of  the 
Incident  pressiire  wave.  The  corresponding  Incident  pressure  then 
can  be  Interpreted  as  the  peak  stress  necessary  to  produce  a  sin¬ 
gle  spall.  These  values  are  summarized  In  table  5  for  the  three 

target  materials  tested.  The  value  for  aluminum  agrees  well  with 

5/ 

the  value  reported  by  Erkman-  .  The  value  for  steel  Is  In  the 

£/  Rice,  H.  H.,  rT  G.  McQueen,  and  J.~M.  Walsh^  Solid  State 
Physics,  V  6,  Academic  Press  Inc,,  1958, 

4/  Taylor,  John  V.,  and  Melvin  H.  Rice,  Elastic-Plastic  Proper¬ 
ties  of  Iron.  J.  Appl.  Phys,  v  34,  No.  2,  February  1963. 
Erkman,  J.  O.  Decay  of  Explosively  Induced  Shock  Waves  in 
^  Solids  and  Spalling  of  Aluminum,  Poulter  Laboratories  Tech¬ 
nical  Report  008-60,  Stanford  Research  Institute,  Menlo  Park, 
California,  August  10,  1960. 
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range  given  by  Nahnianl~  .  Coaiparlaon  data  for  nagnealum  were 

not  available.  The  values  for  aluminum  and  steel  are  consldera- 

7/ 

bly  in  excess  of  the  values  reported  by  Rinehart->'  .  While  there 
is  some  question  as  to  the  usefulness  of  these  numbers  fron  a 
mechanistic  point  of  view,  it  is  felt  that  they  will  be  of  prac¬ 
tical  value  in  the  investigation  of  later  hypervelocity  Impact  ex¬ 
periments  to  be  conducted  with  these  same  target  materials. 

Hypervelocity  Projector  Development 

Two  new  explosive  projector  systems  that  are  scaled  versions 
of  systems  developed  at  the  Ballistic  Research  Laboratories,  Aber¬ 
deen  Proving  Ground,  lid,,  are  now  available  for  hypervelocity  im¬ 
pact  studies.  One  is  a  one-half  linear  scale  size  of  an  inhibited 

8/ 

Jet-type  projector  system  described  in  a  previous  report—  .  It 
produces  an  aluminum  projectile  of  about  0.37  gram  mass  and  a  ve¬ 
locity  of  about  8.3  km/sec.  The  other  system  is  a  double  linear 
scale  size  of  an  air-cavity  type  projector  and  produces  a  steel 
projectile  of  about  1.5  grama  mass  and  a  velocity  of  about  4.7 
km/sec.  Although  the  masses  and  velocities  of  the  two  projectiles 
are  considerably  different,  the  kinetic  energies  are  nearly  the 
same. 


The  One-Half  Scale  Inhibited  Jet  Projector 


A  drawing  of  the  one-half  scale  inhibited  Jet  projector  is 
shown  in  figure  5;  it  is  essentially  a  shaped  charge  containing  a 

6/  Mahmanl,  G.  Experimental  Investigation  of  Scabbing  deduced 
in  Ulld  Steel  Plates  by  Plane  Stress  Waves.  Les  Ondes  de 
Betonatlon  (International  Colloquium  on  Detonation  Waves) . 
Editions  du  Centre  National  de  la  Rechershe  Sclentiflque, 
Paris,  1962  (pp.  451-8). 

7/  See  work  cited  in  reference  2. 

7/  Watson,  R.  W.,  K.  R.  Becker,  J.  E.  Hay,  and  F.  C.  Gibson. 

Hypervelocity  Impact  Phenomena.  Bureau  of  Mines  Quarterly  Re¬ 
port,  U.  S.  Army  Ordnance,  Aberdeen  Proving  Ground,  Hd. ,  June 
1,  1963  to  August  31,  1963. 


conical  aluminum  liner.  Normally,  the  collapne  of  the  liner  pro¬ 
duces  a  rather  long  Jet  having  a  velocity  gradient  along  its 
length;  however,  a  short  coherent  projectile  Is  formed  by  the  use 
of  a  Luclte  plug  (inhibitor)  to  prevent  the  collapse  of  the  Base 
elements  of  the  liner.  The  details  of  the  conical  liner  and  in¬ 
hibitor  configuration  were  based  upon  the  Scale  I  inhibited  Jet 
projector  developed  by  the  Ballistic  Research  Laboratories.  Ini¬ 
tial  teats  showed  that  certain  modifications  of  the  Scale  I  ge¬ 
ometry  were  necessary  to  Improve  projector  performance. 

With  a  given  cone  design,  the  performance  of  the  projector 
may  be  influenced  by  (1)  changing  the  height  of  the  Luclte  Inhib¬ 
itor  and  (2)  changing  the  height  of  the  column  of  explosive  ex¬ 
tending  above  the  spit-back  tube.  A  projector  producing  a  single 
projectile  having  a  length  to  diameter  ratio  of  about  three,  at 
Impact,  was  desired.  Radiographs  were  taken  of  all  projectiles 
to  evaluate  their  acceptability. 

The  effect  of  inhibitor  height  on  projectile  formation  is 
Illustrated  in  figure  6.  Radiographs  are  shown  for  inhibitor 
heights  of  (a)  5/8  in,  (b)  3/4  in,  and  (c)  1  inch.  The  head  of 
composition  B  explosive  was  constant  and  extended  5/8  in  above 
the  top  of  the  spit-back  tube.  A  1-5/8  in  diameter  x  1/2-in  long 
tetryl  booster  was  used  for  these  trials.  The  figure  demonstrates 
that  the  amount  of  projectile  material  decreases  as  inhibitor 
height  Increases.  The  projectiles  in  this  sequence  of  photograj^s 
have  traveled  a  distance  of  about  24  inches .  With  a  5/8-inch  high 
Inhibitor  (figure  6(a)),  a  rather  long  segmented  projectile  was 
formed.  With  a  3/4-ln  high  inhibitor  (figure  6(b)),  the  projectile 
has  been  considerably  shortened;  and  in  figure  6(c),  the  one-inch 
inhibitor  prevents  the  formation  of  any  high  velocity  projectile 
material.  In  the  first  two  photographs,  the  velocity  of  projectile 


natorlal  was  about  9.4  km/sec 


On  the  basis  of  these  results,  the  3/4~in  Inhibitor  was 
chosen  for  further  studies.  Since  some  of  the  projectors  used 
cones  that  were  obtained  from  the  Firestone  Tire  &  Rubber  Co, 

In  which  a  cardboard  "charge  head"  had  provisions  for  a  one-half 
Inch  diameter  booster  system,  all  subsequent  projector  studies 
were  made  using  this  booster  diameter. 

The  effect  of  changing  the  head  of  composition  B  explosive 
extending  above  the  spit-back  tube  was  explored  and  the  results 
are  Illustrated  In  figure  7  which  shows  radiographs  of  projec¬ 
tiles  formed  with  explosive  heads  of  (a)  1/4  In,  (b)  3/4  In,  and 
(c)  1-1/8  Inches.  Within  the  range  of  explosive  heads  tested 
the  amount  of  projectile  material  Is  seen  to  increase  as  the  col¬ 
umn  of  explosive  Increases.  Figure  7(a)  Indicates  that  a  pro¬ 
jectile  Is  not  formed  when  the  short  1/4-ln  head  of  the  explosive 
Is  used;  figure  7(b)  Illustrates  an  acceptable  projectile  using 
an  explosive  head  of  3/4  In,  and  figure  7(c)  shows  a  long  seg¬ 
mented  projectile  obtained  when  the  explosive  head  Is  too  high 
(1-1/8  Inches). 

From  the  foregoing  tests.  It  la  obvious  that  the  formation 
Of  an  acceptable  projectile  depends  upon  both  the  Inhibitor  height 
and  column  of  explosive  extending  above  the  liner;  the  most  suc¬ 
cessful  half-scale  arrangement  was  found  employing  a  3/4-ln  high 
Inhibitor  and  a  3/4-ln  composition  B  explosive  head. 

Another  set  of  radiographs  are  presented  in  figure  8  to  dem¬ 
onstrate  the  reproducibility  of  projectile  formation  for  a  given 
design.  Five  projectiles  obtained  with  charges  having  a  3/4-in 
inhibitor  and  a  3/4-in  explosive  head  are  shown.  The  projectile 
shown  In  figure  8(a)  was  from  a  Firestone  machined  cone  and  the 
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others  are  from  conns  machined  In  the  Bureau  shop  at  the.Bruceton 
facility.  Although  certain  differences  exist  In  projectile  de¬ 
tail  and  mass,  the  five  radiographs  show  that  this  particular  In¬ 
hibitor-explosive  arrangement  gives  reasoitably  reproducible  re¬ 
sults.  Projectile  velocities  and  estimates  of  the  mass  of  the 
five  projectiles  are  given  in  table  6.  The  measuted  projectile 
velocities  vary  from  9.1  km/sec  to  9.4  km/sec  and  the  masses  (av¬ 
erage  0.37  gram)  are  estimates  based  upon  the  apparent  shape  and 
size  of  the  projectiles  scaled  from  the  photographs  with  the  as¬ 
sumption  that  the  projectile  material  has  the  normal  density  of 
aluminum. 

A  supply  of  1/2-scale  inhibited  jet  projectors,  less  explo¬ 
sive,  was  received  from  Firestone  in  which  the  cones  had  been 
formed  by  a  rotary  extrusion  process  and  then  machined  to  final 
dimensions.  Performance  trials  with  these  projectors  are  now  in 
progress . 

The  Scale  II  Air  Cavity  Projector 

An  air-cavity  type  projector  was  developed  at  the  Ballistic 

9/ 

Research  Laboratories—  that  could  propel  a  steel  disk-shaped 
projectile  having  a  mass  of  about  0.18  gram  at  a  velocity  of  about 
5  km/sec.  The  projector,  designated  as  B.R.L.  design  #12,  was 
used  extensively  in  several  hypervelocity  Impact  programs.  Re¬ 
cently,  a  version  of  this  projector  was  tested  whose  linear  di¬ 
mensions  were  scaled  upward  by  a  factor  of  2.  If  scaling  laws 
hold,  a  projectile  should  be  produced  having  the  same  velocity 
as  the  Scale  I  version  with  eight  times  the  mass.  This  projectile 
would  be  useful  because  its  kinetic  energy  would  be  comparable  to 

9/  Klneke,  John  H.  Jr.,  and  Lee  S.  Holloway.  Macro-Itellet  Pro- 
”  Jection  with  an  Air-Cavity  High  Explosive  Charge  for  Impact 
Studies.  BRL  Memorandum  Report  Ho.  1264,  April  1960. 
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that  of  the.  l/2-8cale  inhibited  Jot  projectile  and  would  provide 
a  neana  for  carrying  out  impact  studieB  at  constant  energy  an 
well  as  for  allowing  scaling  studies  to  be  made  at  about  5  km/sec, 

A  drawing  of  the  scaled-up  design  is  shown  in  figure  9.  The 
projector  consists  of  a  4- in  diameter  x  B-ln  long  pentollte  ex¬ 
plosive  charge  with  a  1-in  diameter  x  0.60-ln  air  cavity  at  the 
base}  the  air  cavity  serves  as  a  wave  shaper,  A  1-ln  diameter  x 
O.OBO-ln  thick  steel  disk  is  inserted  in  the  lower  portion  of  the 
air  cavity.  The  initiation  system  consists  of  a  2-ln  diameter  x 
l-in  long  tetryl  boaster  initiated  by  a  short  length  of  Primacord. 
The  projectile  that  is  produced  is  disk-shaped  but  comprises  only 
a  central  portion  of  the  original  disk  having  about  one-fifth  of 
its  Initial  mass. 

Four  of  these  projectors  have  been  assembled  and  tested, 
three  of  which  wore  used  to  Impact  "semi-infinite"  lead  targets 
to  determine  cratering  characteristics  and  one  was  fired  in  the 
radiographic  chamber  for  a  projectile  velocity  measurement.  The 
crater  characteristics  are  useful  in  initial  tests  of  this  type 
because  the  appearance  of  the  crater  gives  qualitative  informa¬ 
tion  regarding  the  integrity  of  the  projectile  at  time  of  impact; 
if  well-defined  craters  are  formed,  the  crater  volume  is  useful 
for  estimating  the  projectile  mass  providing  the  velocity  is 
known. 

The  craters  for  all  four  shots  were  well-formed  and  the 

crater  measurements  are  given  in  table  7  and  are  compared  with 
10/ 

previous  results —  obtained  from  the  B.R.L.  #12  projector.  On 
a  scaled  basis,  the  crater  diameter,  the  crater  depth,  and  crater 

id/  Allison,  F.  E.,  k.  R.  Becker,  and  R.  Vital!.  Effects  of 

Target  Temperature  on  Hypervelocity  Cratering.  Fourth 

Symposium  on  Hypervelocity  Impact,  April  1960. 


volume  for  ttic  larger  scale  size  are  smaller  than  those  from 
the  B.R.L.  design  #12  by  4  percent,  8  percent,  and  9  percent  re¬ 
spectively.  The  differences  may  be  due  to  the  tact  that  the 
measured  velocity  of  the  scaled-up  version  Is  slightly  less  than 
S.O  km/sec  which  is  the  velocity  reported  for  the  B.R.L.  charge. 

The  velocity  of  the  scaled  projectile  was  determined  from 
radiographs,  one  of  which  la  shown  In  figure  10.  The  projectile 
Is  disk-shaped  as  expected  and  has  a  velocity  of  4,7  km/sec. 

An  estimate  of  the  projectile  mass  was  obtained  by  assuming 
that  crater  volume  per  unit  projectile  energy  Is  a  constant.  The 
assumption  should  be  satisfactory  since  the  crater  volumes  being 
compared  here  were  made  by  projectiles  having  the  same  shape,  the 
same  composition,  and  about  the  same  velocity.  The  value  of  the 
constant  used  is  2.64  x  10“^®  cm^/erg  and  was  obtained  by  divid¬ 
ing  the  crater  voliune  data  given  In  table  7  (lor  the  B.R.L.  de¬ 
sign  #12}  by  the  energy  of  that  projectile.  On  this  basis,  a 
calculated  mass  of  1.46  grams  was  obtained  that  Is  within  1  per¬ 
cent  of  the  expected  scaled  value. 

The  kinetic  energy  of  the  scaled  projectile  is  therefore 
about  1.64  X  10^^  ergs  and  this  value  compares  favorably  with  the 
kinetic  energy  value  possible  with  the  i./2-scale  inhibited  Jet 
projector. 


table  1.  - 

Free  aurlace  distance-time  results  obtained 

by  pin 

technique  using  aluminum  and 

brass 

attenuators 

Tetryl  Donor:  1  In  diameter  x  1  In  long  (density  ss  1. 57) 
Pin  Spacing:  .001,  .011,  .021,  .031  In  on  a  1/2-ln  di¬ 
ameter  circle 

Distance 

(In) 

Time 

(psec) 

Average 

Time 

(^sec) 

1/4-ln 

thick  aluminum  attenuator 

0.001 

0 

0 

0.011 

0.161, 

0.176,  0.14S,  0.120,  0.166 

0.154 

0.021 

0.322, 

0.318,  0.290,  0.261,  0.289 

0.29B 

0.031 

0.483, 

0.477,  0.452,  0.438,  0.456 

0.461 

1/8-ln  thick  brass  attenuator 

0.001 

0 

0 

0.011 

0.244, 

0.234,  0.273,  0.233,  0.264 

0.251 

0.021 

0.509, 

0.520,  0.497,  0.533,  0.600 

0.510 

0.031 

0.746, 

0.738,  0.715,  0.800,  0.747 

0.750 

TABLE  2.  -  Wafer  velocity  and  characteristic  target 
daiiiaige  for  exploaive- loaded  alijhlnum 
targets  designated  Ai-2024-T3 


Shock  Donor:  1-ln  diameter  x  1-ln  long  tetryl  cylin¬ 
der;  density  n  1.57  (gm/cm^) 

Wafer  Dimensions:  1/2-ln  diameter  x  1/32-ln  thick 


Target  Wafer 

Thickness  Velocity 

(In)  (mm/iisec) 

Pressure 

(kb) 

Target  Damage 

1/8  2.13* 

1.B3* 
2.03** 
1.97** 

Average  2.0i5 

188 

Circular  perforation 
do. 
do. 
do. 

1/4  1.66 

1.62 

1.66 

1.58 

1.56 

1.59 

144 

Circular  perforation 
do, 
do. 
do. 
do. 
do. 

Average  1.612* 

1/2  1.31 

1.24 

110 

Circular  perforation 
do. 

Average  1.275* 

1.0  0.77* 

63 

Circular  spallation 

1-1/4  0.50* 

39.2 

Irregular  spallation 

1-3/8  0.44 

0.42 

0.42 

33.0 

Bulged  and  fractiured 
do. 
do. 

Average  0.427* 

1-1/2  0.36* 

27.5 

Bulged 

4^ 

Average  velocity  over  13-cm  path. 
**Average  velocity  over  26-cra  path. 


TABLE  3.  -  Wafer  velocity  and  character latte  target 
damage  for  exploBlve-loaded  magnesium 
targets  designated  AZ~31B--H24 


Shock  Donor:  1-ln  diameter  x  1-ln 
der;  density  *  1,57 
Wafer  Olmenslons;  1/2-ln  diameter 

long  tehryl  cylin- 
(gm/cm^) 

X  1/32-in  thick 

Target 

Thickness 

(in) 

Wafer  _ 

Velocity*  Target  Damage 

(mm/psec)  * 

3/32 

3.28 

3.58 

189 

Circular  perforation 
do. 

Average 

3.43 

5/32 

2.54 

2.57 

136 

Circular  perforation 
do. 

Average 

2.555 

3/8 

1.90 

1.94 

95 

Circular  perforation 
do. 

Average 

1.92 

3/4 

1.49 

70 

Irregular  perforation 
and  circular  spalla¬ 
tion 

1.0 

1.13 

51 

Irregular  perforation 
and  circular  spalla¬ 
tion 

1-1/2 

0.60 

25 

Circular  spallation 

2-3/4 

0.47 

0.45 

19.1 

5  Bulged  and  fractured 

do. 

Average 

0.46 

4i 

Average  velocity  over  13-cm  path. 

TABLE  4.  -  Yfafer  velocity  and  characterlBtlc  target 
daaage  tor  exploBlve-loadeil  steel  tar-* 
gete  dealgnated  N~4130,  B~18729j 
BKr-'54280 


Shock  Donor:  l~in  diameter  x  1-ln  long  tetryl  cyl¬ 
inder;  density  ••  1.57  (gm/cm^) 

Wafer  Dlmenslcmst  1/2-in  diameter  x  1/32-ln  thick 


Target 

Thickness 

(in) 

Wafer 

Velocity 

(mm/^sec) 

Pressure 

(kb) 

Target  Damage 

1/8 

1.01 

214 

Circular  perforation 

1.03 

do. 

Average 

1.020 

1/4 

0.70 

140 

Irregular  perforation 

0.69 

and  circular  spalla- 

Average 

0.6^5 

tlon 

1/2 

0.63 

128 

Circular  spallation 

0.65 

do. 

Average 

0.64 

8/8 

0.61 

120 

Circular  spallation 

11/16 

0.54 

106 

Irregular  spallation 

0.54 

do. 

0,55 

do. 

Average  0,543 


0.44  86 


3/4 


Bulged 


Tetryl  Donor  -  1  In.  diameter  x  1  in.  thick 


Target 

Material 


Critical 

Thickneea 

(in) 


Critical 

Streae 

(kb) 


2024-T3 

Aluminum 


1-1/4  <t  <1-3/8  31  <39 


AZ-31B-H24 

Magnealtun 


1-1/2  <t  <1-3/4  19.5  <P^  <25 


N-4130 

Steel 


11/18  <t  <3/4 


86  <P  <108 
a 


TABLE  6.  -  VelocltleB  and  masBOB  of  scale  1/2 
Inhibited  jet  projectilea 


Projectile 

Designation 

Measured 

Velocity 

(km/sec) 

Estimate 
of  Mass 
(g») 

a 

9.1 

0.31 

b 

9.3 

0.44 

c 

9.4 

0.34 

d 

9.4 

0.38 

e 

9.1 

0.38 

V  a  0.93 

Mo  0.37 

TABLE  7.  -  Comparlaon  of  crater  dimensions  in  lead 
targets  for  two  scale  sizes  of  air 
cavity  projectors 


Scale  II  Version  of 
B.R.L.  Design  #12 

B.R.L.  Design  #12 

Crater  Depth 

5.5  cm 

(o  -  0.1)  (n  »  3) 

1/2  X  5.7  cm 
(0  »  0.2)  (n  a  10) 

Crater  Diameter 

2.8  cm 

(o  »  0.2)  (n  »  3) 

1/2  X  3.0  cm 
(a  =  0.2)  (n  a  10) 

Crater  Volume 

43,4  cm^ 

(a  »  l.a)  (n  •  3) 

1/8  X  47.5  cm® 
(7-  1.5)  (n  a  10) 

Note:  7  Is  the 
n  Is  the 

standard  deviation  per  individual  observation; 
number  of  trials. 

Choice 


13  cm 
standoff 


Twisted  poir  shorting  switch 
to  pulse  forming  network 


FIGURE  2.  -  Experimental  arrangement  need  to  determine 
average  pellet  velocity. 


100  fL  sec— *4 


lb) 


FIGURE  3.  -  Typical  oscillogram  obtained  using 
(a)  the  pin  techiiique  of  figure  1, 
and  (b)  the  pellet  experiment  of 
figure  2. 


FIGURE  4«  —  A  comparison  of  free  surface  velocity  measurements  obtained 
with  two  different  techniques. 


FIGURE  5.  *-  Sketch  of  the  esaentlal  features  of 
the  1/2-Bcale  Inhibited  Jet  pro¬ 
jector  . 


•  .5"v  -J 

Pto  .♦  "i»  '•'W' 


FIGURE  6.  -  Radiographs  illustrating  the  effect  that  variations  in  inhibitor 
height  have  on  projectile  fomatlon.  Inhibitor  heights  are: 

(a)  5/8  in,  Cb)  3/4  in,  and  (c)  1  in. 


Radiographs  illustrating  the  degree  of 
reproducibility  obtained  with  projec¬ 
tiles  formed  by  the  l/2-6cale  inhibited 
jet-type  projector. 


FIGURE  8 


tt  B  detonator 


FIGURE  9.  -  Scale  II  veralon  Of  B.R.L.  Design  #12, 
air  cavity  projector. 
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